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1. A flame retardant thermoplastic composition comprising: (a) a vinyl aromatic resin 
present at a level of from 60 to 97 percent by weight based on the total weight of 
the composition, and 

(b) a flame retardant present at a level of from 3 to 40 percent by weigh based on 
the total weight of the composition, said flame retardant being of the general 
formula: 

wherein each R^ is independently a Ci to Cis alkyl radical, each R^ is 
independently selected from the group consisting of bromine, chlorine, hydrogen 
and Ci to C5 alkyl radicals, provided that at least one R^ of each bisphenol moiety 
is a bromine, each R^ is a divalent radical selected from the group consisting of 
divalent radicals having from 1 to 18 carbon atoms, each is independently 
selected from the group consisting -0-, -S-, -SO2-, -SO-, -CO-, and alkylene and 
alkylidene radicals having from 1 to 10 carbon atoms, and n^ is selected from 1 to 
12. 

2. The composition of claim 1 wherein said composition ftirther comprises a vinyl 
cyanide-diene- vinyl aromatic graft copolymer. 

3. The composition of claim 2 wherein said graft copolymer is an 
acrylonitrile-butadiene-styrene graft copolymer. 
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4. The composition of claim 1 wherein said flame retardant is represented by the 
following general formula: 



wherein n^ is selected from 1 to 12. 

5. The composition of claim 1 wherein said composition further comprises from 1 to 
15 percent by weight of an gmtimony compound. 

6. The composition of claim 1 wherein said vinyl aromatic resin is an impact 
modified styrene polymer. 
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ABSTRACT 



A flame retardant thermoplastic composition is provided 
containing a vinyl aromatic resin and a flame retardant The 
flame retardant is an oligomeric condensation product of a 
halogenated aromatic diol and an alkylene dihalide compo- 
sition which is preferably an admixture of an alkyl mono- 
halide and an alkylene dihalide. The compositions are useful 
for making molded articles for automotive parts and for 
business machine housings. The composition exhibit no 
bloom, good thermal color stability, and good resistance to 
ultraviolet light 
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weight percent polyester resin are more preferred. Quite 
useful compositions are those that contain from about 20 to 
about 60 weight percent aromatic carbonate resin and from 
about 60 to about 20 weight percent polyester resin. Weight 
percent aromatic carbonate resin is based on the total 5 
amounts of aromatic carbonate resin and polyester resin 
present in the compositions. Likewise, weight percent poly- 
ester is based on the total amounts of the polyester resins and 
aromatic carbonate resin present in the instant compositions, 
i.e., polyester/aromatic carbonate blends. 

The polyphenylene ether (PPE) resins are generally well- 
known in the art, and are described, for example, in U.S. Pat. 
Nos. 3,306,874; 3.306,875; and 3,432,469 of Allan Hay; 
U.S, Pat. Nos. 3,257,357 and 3,257,358 of Gelu StamatofiF; 
U.S, Pat. No. 4,806,602 of Dwain M. White et al.; and U.S. 
Pat. No. 4,806,297 of Sterling B. Brown et al., all incorpo- 
rated herein by reference. Both homopolymer and copoly- 
mer polyphenylene ethers are within the scope of this 
invention- 

The preferred PPE resins are homo- and copolymers 20 
which comprise a plurality of structural units of the formula 




o 



25 



wherein each is independently halogen, primary or 30 
secondary lower alkyi, phenyl, haloalkyl, aminoalkyl, 
hydrocarbonoxy, or halohydrocarbonoxy, wherein at least 
two carbon atoms separate the halogen and oxygen atoms; 
and each is independently hydrogen, halogen, primary or 
secondary lower alkyl, phenyl, haloalkyl, hydrocarbonoxy 35 
or halohydrocarbonoxy as defined for Q^. 

Examples of suitable primary lower alkyl groups are 
methyl, ethyl, n-propyl, n-butyl, isobutyl, n-amyl, isoamyl, 

2- methylbutyl, n-hexyl, 2,3-dimethylbutyl, 2-, 3- or 4-me- 
thylpentyl, and the corresponding heptyl groups. Examples 40 
of secondary lower alkyl groups are isopropyl, sec-butyl and 

3- pentyL Preferably, any alkyl radicals are straight chain, 
rather than branched. Often, each is alkyl or phenyl, 
especially C,^ alkyl, and each is hydrogen. Especially 
preferred polyphenylene ethers will be comprised of units 45 
derived from 2,6-dimethy] phenol. Also preferred in some 
instances are PPE copolymers comprised of units derived 
from 2,6-dimethyl phenol and 2,3,6-trimethyl phenol. 

The PPE resins may contain certain moieties which 
modify properties such as molecular weight, melt viscosity, so 
or impact strength. For example, vinyl monomers and viny- 
laromatic compounds may be grafted onto the PPE polymer, 
as described, for example, in the application of Sterling B. 
Brown et al,. Attorney Docket Number RD- 19372, U.S. Sen 
No. 351,903, filed May 15, 1989, the entire contents of 55 
which are incorporated herein by reference. 

As another example, coupled PPE polymers may also be 
used, in which the coupling agent is reacted with hydroxy 
groups of two PPE chains to iwoduce a higher molecular 
weight polymer. 60 

The PPE resins of this invention generally have a weight 
average molecular weight of about 20,000 to 80,000, as 
determined by gel permeation chromatography. 

Furthermore, they can be prepared by methods known in 
the art: for example, oxidative coupling of an appropriate 65 
monohydroxyaromatic compound in the presence of a cata- 
lyst based on copper, manganese, or cobalL 



The preferred thermoplastic resin is a rubber modified 
monovinylidene aromatic such as a vinyl aromatic-vinyl 
cyanide-diene rubber graft copolymen 

Rubber modified monovinylidene aromatic resins com- 
prising (a) a rubber modified monovinylidene aromatic graft 
copolymer and (b) an ungrafted rigid copolymer, are gen- 
erally prepared by graft polymerization of a mixture of a 
monovinylidene aromatic monomer and one or more 
comonomers in the presence of one or more rubbery poly- 
meric substrates. Depending on the amount of rubber 
present, a separate matrix or continuous rigid phase of 
ungrafted rigid (co)polymer may be simultaneously 
obtained along with the rubber modified monovinylidene 
aromatic graft polymer. The resins may also be produced by 
blending a rigid monovinylidene aromatic copolymer with 
one or more rubber modified monovinylidene aromatic graft 
copolymers. Topically, the rubber modified resins comprise 
the rubber modified graft copolymer at a level of from 5 to 
100 percent by weight based on the total weight of the resin, 
more preferably from 10 to 95 percent by weight thereof, 
more preferably 20 to 90 percent by weight thereof, and 
most preferably from 15 to 85 percent by weight thereof; and 
the rubber modified resin comprises the ungrafted rigid 
polymer at a level of from 0 to 95 percent by weight based 
on the total weight of the resin, more preferably from 5 to 
90 percent by weight thereof, more preferably from 10 to 80 
percent by weight thereof and most preferably from 15 to 85 
percent by weight thereof. 

Monovinylidene aromatic monomers which may be 
employed include styrene, alpha-methyl styrene, halosty- 
renes i.e. dibromostyrene, mono or di alkyl, alkoxy or 
hydroxy substitute groups on the nuclear ring of the monovi- 
nylidene aromatic monomer i.e. vinyl toluene, vinylxylene, 
butylstyrene, parahydroxystyrene or methoxystyrene or 
mixtures thereof. The monovinylidenearomatic monomers 
utilized are generically described by the following formula: 




c=c: 



wherein X is selected from the group consisting of hydro- 
gen, alkyl groups of 1 to 5 carbon atoms, cycloalkyl, aryl, 
alkaryl, aralkyl. alkoxy. aryloxy, and halogens. R"* is selected 
from the group consisting of hydrogen, alkyl groups of 1 to 
5 carbon atoms and halogens such as bromine and chlorine. 
Examples of substituted vinylaromatic compounds include 
styrene, 4-methylstyrerie, 3,5-diethylstyrene, 4-n-propylsiy- 
rene, a-methylstyrerie, a-methyl vinyltoluene, a-chlorosty- 
rene, a-bromostyrene, dichlorostyrene, dibromostyrene, tet- 
rachlorostyrene, nuxtures thereof and the like. The prefened 
monovinylidene aromatic monomers used are styrene and/or 
o-methylstyrene. 

Comonomers which may be used with the monovi- 
nylidene aromatic monomer includes acrylonitrile, meth- 
acrylonitrile, Cj to Cg alkyl or aryl substituted acrylate, C, 
to Cg alkyl, aryl or haloaryl substituted melhacrylate, acrylic 
acid, methacrylic acid, iraconic acid, acrylamide, N-substi- 
tuted acrylamide or methacrylamide, maleic anhydride, 
maleimide, N-alkyl, aryl or haloaryl substituted maleimide, 
glycidyl (meth)acrylates, hydroxy alkyl (meth)acrylates or 
mixtures thereof. The acrylonitrile, substituted acrylonitrile. 
or acrylic acid esters are described generically by the fol- 
lowing formula: 
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The ungrafted rigid copolymers are known and may be 
prepared by radical polymerisation, in particular by emul- 
sion, suspension, solution or bulk polymerisation. They 
preferably have number average molecular weights of from 
20,000 to 200,000- 5 

The number average molecular weight of the grafted rigid 
superstrate of the monovinylidene aromatic resin is designed 
to be in the range of 20,000 to 350,000. The ratio of 
monovinylidene aromatic monomer to the second and 
optionally third monomer may range from 90/10 to 50/50 lo 
preferably 80/20 to 60/40. The third monomer may optional 
replace 0 to 50% of one or both of the first and second 
monomers. 

These rubber modified monovinylidene aromatic graft 
polymers may be polymerized either by mass, emulsion, is 
suspension, solution or combined processes such as bulk- 
suspension, emulsion-bulk, bulk-solution or other tech- 
niques well known in the art. Furthermore, these rubber 
modified monovinylidene aromatic graft copolymers may be 
produced either by continuous, semibatch or batch pro- 20 
cesses. 

The compositions preferably contain the flame retardant 
at a level of from 3 to 40 percent by weight based on the total 
weight of the composition, more preferably from 7 to 25 
percent by weight thereof, and most preferably from 12 to 20 25 
percent by weight thereof. 

The flame retardant is a condensation product of a halo- 
genated aromatic diol, preferably brominated aromatic diol, 
and an alkylene dihalide composition. The brominated aro- 
matic diol is preferably a brominated bisphenol A, and is 30 
more preferably tetrabromo bisphenol A. The alkylene diha- 
lide composition is preferably a mixture of a Ci— Cig (one to 
eighteen carbon atoms in the alkyl moiety) alkyl monohalide 
and a Ci-Ci^ alkylene dihalide. The Ci-Cia alkyl mono- 
halide is preferably a C1-C4 alkyl bromide, and more 35 
preferably methyl bromide. The Ci-Cjg alkylene dihalide is 
preferably a C1-C4 alkylene bromide, and more preferably 
is ethylene dibromide. The alkylene dihalide composition 
preferably comprises ficom 5 to 95 percent by weight alkyl 
monohalide based on the total weight of the alkylene diha- 40 
lide composition, more preferably from 10 to 40 percent by 
weight thereof, and most preferably from 20 to 35 percent by 
weight thereof; and preferably comprises from 5 to 95 
percent by weight alkylene dihalide based on the total 
weight of the alkylene dihalide composition, more prefer- 45 
ably from 60 to 90 percent by weight thereof, and most 
preferably from 65 to 80 percent by weight thereof. The 
alkyl monohalide and the alkylene dihalide are preferably 
present in the alkylene dihalide composition in a respective 
molar ratio of between 1 :9 and 2: 1 , more preferably between so 
1:5 and 1.5:1, and most preferably between 1:3 and 1:1. The 
oligomeric flame retardant preferably has a number average 
molecular weight of between 1000 g/mole and 8000 g/mole, 
more preferably between 1300 g/mole and 6000 g/mole, and 
most preferably between 1500 g/mole and 3000 g/mole. The 55 
alkyl monohalide is preferably of the formula 

wherein is a halogen preferably selected from the group 
consisting of chlorine and bromine, and most preferably is 
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bromine; and R*^ is a O^ranched or unljranched) C,-Ci8 alkyl 
radical, preferably a C1-C4 alkyl radical, and is more 
preferably selected from the group consisting of methyl and 
ethyl radicals. The alkylene dihalide is preferably of the 
formula: 

wherein is as defined above; and is an alkylene 
divalent radical having from Cj-Cig carbon atoms, prefer- 
ably from Cj-Ce carbon atoms, and is most preferably 
selected from the group consisting of ethylene and divalent 
radicals. 

The halogenated aromatic diol, preferably brominated 
aromatic diol, is more preferably a brominated bisphenol of 
the formula 



R8 r8 r8 r8 




wherein each R^ is independently selected from the group 
consisting of a hydrogen atom, a chlorine atom, a bromine 
atom and an alkyl group containing from 1 to 5 carbon atoms 
provided that at least one R^ group is a chlorine or bromine 
atom and preferably is a bromine atom; and wherein 
represents a single bond or a divalent radical selected from 
the group consisting of — — , — S — , — SO2 — , — SO — , 
— CO — ^ alkylene and alkylidene groups containing 1 to 10 
carbon atoms, and oxygen-, silicon-, sulfur- or nitrogen- 
containing aliphatic hydrocarbon radicals such as 
— OR^O— , — OR^OR^O— , —SR^S— , — SR^SR^S— , 
OSiR^O— , — OSiR^20SiR^20— , — O^CR^COj, 
— CO^R'OzC— , — SOR^SO— , — S02R^S02— wherein 
R^ is a Cj— Cjo divalent aliphatic hydrocarbon radicals. 
Preferably at least 4 of the R^ groups of the above diol are 
bromine. Preferably is a C3 radical. The preferred bro- 
minated bisphenol is tetrabromo bisphenol A, which may be 
represented by the general formula 




and more preferably 



Br Br 




Br Br 



The flame retardant may be represented by the general 
formula: 
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Example 4 involved the replacement of the ABS of 
example 1 with a bisphenol A polycarbonate/ABS blend, 
and yielded a UL-94 rating of V-O at 60 mil, a notched Izod 
of 9.7 ft-lb/in., and a melt viscosity of 1405 poise at 1000/s 
and 500° F. 

We claim: 

1. A vinyl aromatic resin composition comprising from 3 
to 40 percent by weight of a flame retardant which is an 
oligomeric condensation product of a halogenated aromatic 
diol and an aikylene dihalide composition comprising alky- 
lene dihalide. 

2. The composition of claim 1 wherein said composition 
comprises a vinyl cyanide-diene- vinyl aromatic graft 
copolymer. 

3. The composition of claim 2 wherein said graft copoly- 
mer is an acrylonitrile-butadiene-styrcne graft copolymer. 

4. The composition of claim 1 wherein said flame retar- 
dant is the condensation product of tetrabromobisphenol A, 
methyl bromide and ethylene dibromide. 

5. The composition of claim 1 wherein said flame retar- 
dant is represented by the general formula: 



10 
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8. The composition of claim 6 wherein said Hame retar- 
dant is present at a level of from 7 to 25 percent by weight 
based on the total weight of the composition. 

9. The composition of claim 6 wherein said flame retar- 
dant is present at a level of from 12 to 20 percent by weight 
based on the total weight of the composition. 

10. The composition of claim 6 wherein said composition 
further comprises from 1 to 15 percent by weight of an 
antimony compound. 

11. TTie composition of claim 1 wherein said composition 
further comprises from 1 to 15 percent by weight of an 
antimony compound. 

12. The composition of claim 1 further comprising an 
aromatic polycarbonate resin. 

13. The composition of claim 1 further comprising a 
polyalkylene terephthalate resin. 

14. The composition of claim 1 further comprising a 
polyphenylene ether resin. 

15. The composition of claim 1 wherein said flame 
retardant is an oligomeric condensation product of a bromi- 



r8 R8 r8 r8 / 

R8 b8 



R8 R» 




O— R6 



RS R8 R8 



wherein each is independently a to Cjg alkyl radical, 
each is independendy selected from the group consisting 35 
of bromine, chlorine, hydrogen and to C5 alkyl radicals, 
provided that at least one R^ of each bisphenol moiety is a 
bromine, each R'^ is a divalent radical selected from the 
group consisting of divalent radicals having from 1 to 18 
carbon atoms, each is independendy selected from the 
group consisting — O — , — S — ^ — SO2 — , — SO — ^ — 
CO—, and aikylene and alkylidene radicals having from 1 
to 10 carbon atoms, and n^ is selected from 1 to 12. 

6. A flame retardant thermoplasdc composition compris- 
ing: 

(a) a vinyl aromatic resin present at a level of from 60 to 
97 percent by weight based on the total weight of the 
composition, and 

(b) a flame retardant present at a level of from 3 to 40 
percent by weigh based on the total weight of the ^ 
composition, said flame retardant being of the general 
formula: 



40 



45 



nated aromatic diol and an aikylene dihalide composition 
comprising an alkyl monohalide and an aikylene dihalide. 

16. The composition of claim 1 wherein said vinyl aro- 
matic resin is an impact modified styrene polymer. 

17. The composition of claim 1 wherein said oligomeric 
condensation product is substantially free of reactive end 
groups. 

18. The composition of claim 1 wherein said oligomeric 
condensation product comprises alkyl end groups. 

19. The composition of claim 1 wherein said oligomeric 
condensation product is an halogenated polyether. 

20. The composition of claim 1 wherein said halogenated 
aromatic diol is a brominated aromatic diol. 

21. The composition of claim 1 wherein said oligomeric 
condensation product has a number average molecular 
weight of between 1000 g/mole and 8000 g/mole. 



CH3 



CH2-CH2-0 -/(^^y 



Br 



-CH3 



wherein n^ is selected from 1 to 12. 
7. The composition of claim 6 wherein n^ is selected from 
1 to 5. 



65 



22. The composition of claim 1 wherein said oligomeric 
condensation product has a number average molecular 
weight of between 1300 g/mole and 6000 g/mole. 
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Vinyl aroBatic resin conpositions containing condensation 
product of halogenated aroaatic diol and an alkylene 
dihalide . 
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Vinyl aromatic resin compositions containing condensation 
product of halogenated aromatic did and an alkylene dihalide 

A flame recardant thermoplastic composition is 
provided containing a vinyl aromatic resin and a 
flame retardant. The flame retardant is an 
oligomeric condensation product of a halogenated 
aromatic diol and an alkylene dihalide composition 
which is preferably an admixture of an alkyl 
monohaiide and an alkylene dihalide. The 
compositions are useful for making molded articles 
for automotive parts and for business machine 
housings. The composition exhibit no bloom, good 
thermal color stability, and good resistance to 
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